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(54) Probe with tip having micro aperture for detecting or irradiating light, near-field optical 

microscope, recording/reproduction apparatus, and exposure apparatus using the probe, 
and method of manufacturing the probe 



(57) A probe for detecting or irradiating light 
includes a dispjaceable support member on a sut>strate. 
a tip formed on the support member, and a bonding 
layer for bonding the tip onto the support member. The 
tip has a micro aperture. \N\r\en a light-shielding layer is 



further formed on a surface of the tip. the micro aperture 
is formed on the light-shielding layer. The tip consists of 
a light transmission material. 
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a bonding layer for bonding the tip onto the support 
member. 

In order to achieve the above object, there is also 
provided a near-field optical microscope comprising the 5 
above-mentioned probe. 

In order to achieve the above object, there is also 
provided a recording/reproduction apparatus comprls- 
irtg the above-mentioned probe. 

In order to achieve the above object, there is also io 
provided an exposure apparatus comprising the above- 
mentioned probe. 

In order to achieve the above object, there is also 
provided a method of manufacturing a probe for detect- 
ing or irradiating light, comprising the steps of: 75 



forming a recess portion on a surface of a first sub- 
strate; 

forming a peeling layer on the first substrate includ- 
ing the recess portion; 

forming a tip consisting of a light transmission 
material on the peeling layer including the recess 
portion; 

forming a bonding layer on a second substrate: 
bonding and transferring the tip onto the bonding 
layer; and 

forming a support member for supporting the tip by 
removing a portion of the second substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a probe accord- 
ing to the first embodiment of the present Invention; 
Fig. 2A is a top view showing the probe of the first 
embodiment. Fig. 2B Is a sectional view taken 
along a line 2B - 2B in Fig. 2A, and Fig. 2C is a sec- 
tional view taken along a line 2C - 2C in Fig. 2A: 
Figs. 3A. 3B. 3C, 3D, 3E. 3F and 3G are sectional 
views shewing the manufacturing processes of the 
probe of the first emt)Odiment; 
Fig. 4 Is a view showing the arrangement of a sur- 
face observation apparatus using the probe of the 
first embodiment; 

Fig. 5 is a sectional view showing a probe accord- 
ing to the second embodiment of the present inven- 
tion; 

Figs. 6A, 6B, SC. 6D, 6E. 6F and 6G are sectional 
views showing the manufacturing processes of the 
probe of the second embodiment; 
Fig. 7 is a view showing the arrangement of a sur- 
face observation apparatus using the probe of the 
second embodiment; 

Fig. 8 is a sectional view showing a probe accord- 
ing to the third embodiment of the present inven- 
tion; 

Fig. 9A is a top view showing the probe of the third 
embodiment, and Fig. 9B is a sectional view taken 
along a line 9B - 9B in Fig. 9A; 



Figs. 10A. 10B, IOC, 10D, 10E. 10F and 10G are 
sectional views showing the manufacturing proc-, 
esses of the probe of the third embodiment; 
Rg. 11 is a view showing the arrangement of a 
recording/reproduction apparatus using the probe 
of the third embodiment; 

Rgs. 12A. 12B. 12C. 12D. 12E and 12F are sec- 
tional views showing the manufacturing processes 
of a probe according to the fourth embodiment of 
the present invention; 

Fig. 13 is a view showing the arrangement of an 
exposure apparatus using the probe o1 the fourth 
embodiment; and 

Rgs. 14A and 14B are views showing the conven- 
tional methods of manufacturing a probe. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 



The present invention can realize its object with the 
20 above-mentioned arrangements. 

The present invention will be described in detail 
hereinafter with reference to the accompanying draw- 
ings. 

A probe according to the present invention is a 
25 probe for detecting or irradiating evanescent light, and 
comprises an elastic member (support member) 10 
formed on a substrate 21. a tip 5 for evanescence 
formed on the free end portion of the elastic merrtoer. a 
light-receiving element 19 or laser 20. and a waveguide 
30 28 for optically connecting the light-receiving element 
19 or laser 20 and the tip 5. 

Rgs. 3A to 3G are sectional views showing an 
example of the manufacturing processes of the probe. 
The manufacturing method will be explained below witii 
35 reference to Figs. 3A to 3G. 

Rrst, a recess portion 3 is formed on the surface of 
a first substrate 1 consisting of silicon. In order to form 
such recess portion, a protection layer 2 is formed on 
the first substrate 1 , and a desired portion of the proteo- 
se tion layer 2 is patterned by photolithography and etching 
to expose the silicon. The exposed silicon portion is 
etched by, e.g.. crystallographic axis anisotropic etch- 
ing, so as to form the recess portion 3. As the protection 
layer 2, silicon dioxide or silicon nitride may be used. 
45 Silicon is preferably etched by crystallographic axis 
anisotropic etching since it can form a tip 5 with a sharp 
distal end. When a potassium hydroxide aqueous solu- 
tion or the like is used as an etchant. an inverted pyram- 
idal recess portion 3 surrounded by four surfaces 
so equivalent to the (111) face can be formed (see Rg. 
3A). 

Second, a peeling layer 4 consisting of an oxide is 
formed on the first substrate 1 including the recess por- 
tion 3 (see Fig. 3B). 
55 Since the tip 5 is formed on the peeling layer 4 and 
is then peeled from the peeling layer 4 in a process after 
formation of the peeling layer 4. a material that allows 
easy peeling of the materia! of the tip 5 must be selected 
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By acecuting parallel processing of information 
^ Rising a multi probe that carries a plurality of probes 
according to the present invention, a surface observa- 
tion apparatus or recording/reproduction apparatus with 
a high transfer rate can be provided. 

Since the SNOM probe according to the present 
invention is formed on the elastic cantilever, the magni- 
tude of the contact force between the tip (tip 5) distal 
end and sample can be controlled to a given value or 
less while the tip (tip 5) distal end contacts the sample. 

For exanrple. let k be the elastic constant of the 
elastic cantilever, and Az be the maximum amount of 
positional variations of the tip distal end in the z-direc- 
tion. Then, since contact force variations while all tip (tip 
5) distal ends contact the surface of the recording 
medium or sample are represented by kAz. the magni- 
tudes of all the contact forces can be controlled to kAz 
or less by controlling the position between the second 
substrate 21 and the recording medium or sample in the 
z-direction. In this fashion, the tip (tip 5) distal end, or 
the recording medium or sample can be prevented from 
being destroyed by an excessive contact force applied. 

The detailed errbodiments of the present invention 
will be explained below. 

[First Embodiment] 

The first embodiment is directed to an evanescent 
light probe and its manufacturing method according to 
the present invention. Rgs. 1 and 2A to 2C show the 
structure of the probe. 

The probe of this embodiment comprises an elastic 
lever 10 formed on a substrate 21. a tip 5 which Is 
formed on the free end portion of the elastic lever and 
irradiates evanescent light a laser 20, and a waveguide 
28 for optically connecting the laser 20 and the tip 5. 

Figs. 3A to 3G are sectional views showing the 
manufacturing processes of the evanescent light probe 
according to this embodiment. 

The manufacturing method will be explained below 
with reference to Figs. 3 A to 3G. 

A (100) sirigle-crystal silicon wafer was prepared as 
a first substrate 1. 

A 100-nm thick silicon thermal oxide film was 
formed as a protection layer 2. A desired portion of the 
protection layer 2 was patterned by photolithography 
and etching to expose 10-^m^ silicon. 

The silicon exposed from the patterned portion was 
etched by crystal lographic axis anisotropic etching 
using an aqueous potassium hydroxide solution. 

Note that the etching conditions were: a 30% aque- 
ous potassium hydroxide solution was used, and a solu- 
tion tennperature of 90°C and an etching time of 10 min 
were set. 

At this time, a inverted pyramidal recess portion 3 
having a depth of about 7 pm and surrounded by four 
surfaces equivalent to the (1 1 1) plane was formed (see 
Fig. 3A). 
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The thermal oxide film as the protection layer 2 was 
then removed by an aqueous solution mixture of hydro- 
gen fluoride and ammonium fluoride (HF : NH4F =1:5). 
After the removal, the first substrate 1 was washed 

5 using a solution mixture of sulfuric acid and hydrogen 
peroxide heated to 120**C, and a 2% aqueous 
hydrofluoric acid solution. The first substrate 1 was 
heated to 1 .OOCC in an oxygen/hydrogen atmosphere 
using an oxidization oven to deposit a 500-nm thick sili- 

10 con dioxide (SiOg) film serving as a peeling layer 4 (see 
Fig. 3B). 

Ttie film formation for the material of the tip 5 was 
done. A 0.1 -^m thick gold (Au) film was formed by vac- 
uum evaporation to obtain a metal film 7. and a O.S-pm 

IS thick ITO (indium tin oxide) film was formed by sputter- 
ing to obtain a light transmission layer 8. These films 
were then patterned by photolithography and etching. In 
this case. Au etching used an aqueous solution mixture 
of Kl and I2, and ITO etching used an aqueous solution 

20 mixture of HCI and FeCla. After patterning, a 0.3-jim 
thick gold (Au) film was formed again by vacuum evapo- 
ration, and was patterned by photolithography and etch- 
ing to obtain a bonding assist layer 9 (see Fig. 3C). 
A 300-Mm thick single-crystal n-lnP substrate was 

25 used as a second sut>strate 21 . and a 1-fim thick n-tnP 
Ixjffer layer 22, a 0.1 -jam thick InGaAsP active layer 23. 
a 1.5-Mm thick p-lnP cladding layer 24. and a 0.3-Mm 
thick p-lnGaAs capping layer 25 were formed in turn on 
the substrate 21 by MOCVD (metal organic chemical 

30 vapor deposition) (see Fig. 3D). 

The obtained multilayered structure was patterned 
and etched by photolithography to form a ridge struc- 
ture, thus obtaining a laser 20. The wavelength of the 
laser formed by the atX)ve-mentioned method was 1 .3 

35 |jm. Etching was done by RIBE (reactive ion beam etch- 
ing) using CI2 gas. A 3-fim thick Si02 film as a lever 
material, insulating layer 27, and mask layer 29 was 
formed on both surfaces of the structure by sputtering. 
The Si02 films on both surfaces were patterned arxl 

40 etched by photolithography to form contact holes, a can- 
tilever structure, and a mask layer 29. 

The thickness of the cantilever was 1 jim. A 200-nm 
thick AuGe film and 300-nm thick Au filrfj were^depos- 
ited by vacuum evaporation, and were patterned and 

45 etched by photolithography to form a bonding layer 26, 
wiring electrode 33. and output electrode 30 on the sub- 
strate side. A 3-nm thick SIO2 film as a waveguide 28 
was deposited by sputtering. The waveguide 28 was 
then formed by photolithography and etching. The etch- 
so ant used was an aqueous solution mixture of hydrochlo- 
ric acid (HCI) and phosphoric acid (H3PO4). In this 
case, the projecting portion of the waveguide formed a 
secondary diffraction grating. From this grating, light 
inside the waveguide can be output upward. The 

55 waveguide 28 had a height of 2 ^m and a width of 5 iJtm, 
A 50-nm thick Cr film and 300-nm thick Au film were 
deposited by vacuum evaporation, and were patterned 
and etched by photolithography to form an output elec- 
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ited by vacuum evaporation, and were patterned and 
etched by photolithography to form a bonding layer 26. 
wiring electrode 33. and output electrode 30 on the sub- 
strate side. 

In this case. Au etching used ion milling to taper the 
waveguide connection portion of the bonding layer. 

A thick SIO2 film as a waveguide 28 was 

deposited by sputtering. The waveguide 28 was then 
formed by photolithography and etching. The etchant 
used was an aqueous solution mixture 0I hydrochloric 
acid (HCI) and phosphoric acid (H3PO4). 

The waveguide 28 had a height of 2 jim and a width 
of 5 \xm. A 50-nm thick Cr film and 300-nm thick Au film 
were deposited by vacuum evaporation, and were pat- 
terned and etched by photolithography to form an output 
electrode 31 of the capping layer (see Fig. 6E). 

After the tip 5 on the first substrate 1 and the bond- 
ing layer 26 on the second substrate 21 were aligned to 
face each other, they were brought into contact with 
each other and were pressurized, thus bonding the tip 5 
and the bonding layer 26 (pressure bonding) (Fig. 6F). 
The first and second substrates 1 and 21 were sepa- 
rated from each other to peel the peeling layer 4 and tip 
5 at their interface. 

After a protection film was formed on the surface of 
the second substrate, the n-lnP substrate was etched 
from its rear surface using an aqueous HCI solution to 
form an SiOa cantilever. After the formation of the canti- 
lever, the protection film was removed. 

Finally, the tip 5 covered by the metal layer 7 was 
brought into contact with a metal substrate, and a volt- 
age was applied across the tip 5 and metal substrate via 
the wiring electrode 33 by a voltage application means. 
Upon application of the voltage, a micro aperture was 
formed at the tip distal end portion of the metal layer 7. 
The diameter of the aperture was about 20 nm (see Fig. 
6G). 

As shown in Figs. 5 and 6A to 6G, in this embodi- 
ment, the micro aperture is formed by forming a metal 
layer as a light-shielding layer. The structure of this 
embodiment that guides light detected by the tip toward 
the light-receiving element does not always require the 
light-shieldinglayer. However, the light-shielding layer is 
preferably arranged since the photodetection resolution 
can be improved. 

Fig. 7 shows the arrangement of an SNOM obser- 
vation apparatus using the probes of this embodiment. 
A sample 1 7 is placed on a transparent si±»strate on an 
x-y-2 scanner. 

Light is irradiated to make an angle that satisfies 
the total reflection conditions with the surface of the 
sample 17 from the rear side of the sample 17 via the 
transparent substrate. At this time, light is not transmit- 
ted upward (Rg. 7) through the surface of the sample 
17. but evanescent light leaks out through the surface 
within a very close vicinity 0.1 \im or less from the sur- 
face of the sample 17. 

When x-y scanning is done while the tip (tip 5) distal 



ends of a plurality of SNOM probes contact the sample 
17. the evanescent light components enter the 
waveguide 28 via the micro apertures of the SNOM ' 
probes, and are detected by the light-receiving element 
5 19. The detected signals are l/V-converted and are 
input to a multiplexer to obtain multi SNOM signals. 

By plotting the magnitudes of such SNOM signals, 
an SNOM observation image of the sample 17 can be 
obtained. 
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[Third Embodiment] 



The third embodiment is directed to still another 
evanescent light probe and its manufacturing method 

15 according to the present invention. Figs. 8, 9A and 9B 
show the structure of the probe. 

The probe of this embodiment comprises an elastic 
lever 10 formed on a substrate 21 . an evanescent light 
tip 5 formed on the free end portion of the elastic lever, 

30 a light-receiving element 19, a laser 20, and a 
waveguide 28 for optically connecting the light-receiving 
element 19 and laser 20 to the tip 5. 

When the laser 20 used in the first embodiment and 
the light-receiving element 19 used in the second 

25 embodiment are connected to the tip (tip), return light of 
e/anescent light irradiated from the tip onto a recording 
medium 18 can be detected. In this embodiment, a plu- 
rality of probes are disposed on the second substrate 
21. 

30 Figs. 10A to 10G are sectional views shewing the 
manufacturing processes of the evanescent light probe 
according to this enribodiment. 

The manufacturing method will be explained below 
with reference to Figs. 10A to 10G. 
35 A ( 1 00) single-crystal silicon wafer was prepared as 
a first substrate 1 . 

A 100-nm thick silicon thermal oxide film was 
formed as a protection layer 2. A desired portion of the 
protection layer 2 was patterned by photolithography 
40 and etching to expose lO-jun^ silicon. The silicon 
exposed from the patterned portion was etched by crys- 
tallographic axis anisotropic etching using an aqueous 
potassium hydroxide solution. Note that the etching ^ 
conditions were: a 30% aqueous potassium hydroxide 
45 solution was used, and a solution temperature of 90**C 
and an etching time of 10 min were set. At this time, an 
inverted pyramidal recess portion 3 having a depth of 
about 7 ^m and surrounded by four surfaces equivalent 
to the (111) plane was formed (see Fig. 10A). 
50 The thermal oxide film as the protection layer 2 was 
then removed by an aqueous solution mixture of hydro- 
gen fluoride and ammonium fluoride (HF : NH4F =1:5). 

After the removal, the first substrate 1 was washed 
using a solution mixture of sulfuric acid and hydrogen 
55 peroxide heated to 120**C. and a 2% aqueous 
hydrofluoric acid solution. The first substrate 1 was 
heated to 1 ,000**C in an oxygen/hydrogen atmosphere 
using an oxidization oven to deposit a 500-nm thick sili- 
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The manufacturing method will be explained below 
with reference to Figs. 12A to 12F. 

Following the same procedures as in the first 
embodiment, a tip 5 made up of a metal layer 7, light 
transmission layer 8, and bonding assist layer 9 was 5 
formed (see Figs. 12A, 12B. and i2C). 

A 200-nm thick single-crystal silicon substrate was 
prepared as a second substrate 21 . and a 300 -nm thick 
silicon dioxide film and 200-nm thick silicon nitride film 
were deposited on both surfaces of the substrate io 
respectively by thermal oxidation and low-pressure 
chemical vapor deposition (LPCVD). The silicon nitride 
film on the surface was patterned to have a lever shape. 
A 5-nm thick chromium film and 50-nm thick gold film 
were then deposited and were patterned to form a is 
bonding layer 26 {see Rg. 12D). 

After the tip 5 on the first substrate 1 and the bond- 
ing layer 26 on the second substrate 21 were aligned to 
face each other, they were brought into contact with 
each other and were pressurized, thus bonding the tip 5 20 
and the bonding layer 26 (pressure bonding) (Rg. 12E). 

The first and second substrates 1 and 21 were sep- 
arated from each other to peel the peeling layer 4 and 
tip 5 at their interface. The silicon dioxide film and silicon 
nitride film on the rear surface were patterned to form an 25 
opening. After a protection film was formed on the sur- 
face, the second substrate 21 was etched using an 
aqueous potassium hydroxide solution, and the silicon 
dioxide film on the surface was also etched, thus form- 
ing a lever 10. 30 

The tip distal end was polished by scanning the 
sample surface with a load to form a micro aperture 
having a diameter of about 20 nm on the metal layer 7, 
thus exposing the light transmission layer 8 therefrom. 

Subsequently, a third substrate 1 19. on which light- 35 
emitting elements 116 comprising surface-emission 
lasers were disposed in a matrix at a position corre- 
sponding to the tip 5 on the second substrate 21 , was 
prepared. The third substrate 1 19 is obtained by form- 
ing anodes 123. cathode 124. active layer 125, mirror 40 
layers 126, silicon nitride layer 127, and polyimide layer 
1 28 on a gallium arsenide substrate. The anodes 1 23 
ar^ connected to the individual light-emitting elements 
116 to independently drive them. The silicon nitride 
layer 127 is formed to attain insulation of the anode 123. 45 
The cathode 124 is a common electrode. When a volt- 
age is applied across the anode 123 and cathode 124, 
a laser beam produced in the active layer 125 is 
reflected by the upper and lower mirror layers 126, and 
is emitted from the upper opening. After the third sub- so 
strate was prepared, the second and third substrates 21 
and 119 were bonded to each other using an epoxy 
resin 118 after they were aligned so that laser beams 
coming from the light-emitting elements 116 were 
directly guided to the tip 5 and the opening (see Fig. ss 
12F). 

The multi light probe was manufactured by the 
above-mentioned processes. 
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Rg. 13 shows the arrangement of an exposure 
apparatus using the multi probe of this emlxxJiment. A 
substrate applied with photoresist is placed on a holder 
on an x-y-z scanner. The probe of this embodiment is 
set to oppose the photoresist, and x-y scanning is done 
while the tip 5 contacts the photoresist. By ON/OFF- 
controlling evanescent light to be irradiated from the tip 
5 onto the photoresist surface, a micropattern can be 
formed, and high exposure speed can be realized. 

This embodiment has exemplified the probe struc- 
ture that directly guides light coming from each light- 
emitting element to the tip. Alternatively, as in the sec- 
ond embodiment, a light-receiving element may be 
formed in place of the light-emitting element, and light 
detected by the tip may be directly guided to ttie light- 
receiving element. In this case, the light-shielding layer 
with a miao aperture is not always required, as in the 
second embodiment. 

In the atx>ve-mentioned embodiments, the tip is 
supported by the cantilever. However, the present 
invention is not limited to such specific support struc- 
ture. For exanrple, a double-supported lever type, tor- 
sion lever type, or the like may be used as the support 
structure. In case of the cantilever type and double-sup- 
ported lever type, the support member must be an elas- 
tic member, but in case of the torsion lever type, the 
support member is not limited to an elastic member. 

Claims 

1 . A probe for detecting or irradiating light, comprising : 

a displaceabi e support member supported on a 
substrate; 

a tip formed on said support member and hav- 
ing a micro aperture; and 
a bonding layer for bonding said tip onto said 
support member. 

2. A probe according to claim 1 . further comprising a 
light-shielding layer formed on a surface of said tip, 
arKl 

wherein said miao aperture is formed on ; 
said light-shielding layer. 

3. A probe according to claim 1 , wherein said tip con- 
sists of a tight transmission material. 

4. A probe according to claim 1 . further comprising: 

a light-emitting element and/or a light-receiving 
element formed on said substrate; and 
a waveguide formed between said light-emit- 
ting element and/or said light-receiving ele- 
ment, and said tip. and 

wherein a portion of said waveguide is 
formed on said support member. 
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